In this paper we study the variations in the center and the radius of the minimum enclosing circle (MEC) of a set of fixed points and one mobile point, moving along a straight line . Given a set S of n points and a line in R 2 , we completely characterize the locus of the center of MEC of the set S∪{p}, for all p ∈ . We show that the locus is a continuous and piecewise differentiable linear function, and each of its differentiable piece lies either on the edges of the farthest-point Voronoi diagram of S, or on a line segment parallel to the line . Moreover, we prove that the locus can have at most O(n) differentiable pieces and can be computed in linear time, given the farthest-point Voronoi diagram of S.
Introduction
The objective in any typical facility location problem is to judiciously place a set of facilities serving a set of users, such that certain optimality criterion is satisfied. Facilities and users are modeled as points in the plane, and the distance between two points is generally measured in the L 1 , L 2 or L ∞ metrics. One of the most important optimality criteria in placing one facility for serving a set of fixed users is the point, which minimizes the maximum distance from the facility to the users. When the distance between a pair of points is measured in the L 2 metric (Euclidean metric), this gives rise to the notion of the Euclidean 1-center and the minimum enclosing circle (MEC) of a point set. The Euclidean 1-center of a set of fixed points S is the center of the smallest radius circle that encloses all the points of S. More formally, if the Euclidean distance between any two points a and b in R 2 is denoted by d(a, b), then for a finite set S in R 2 , the Euclidean 1-center of S is the point E(S) in R 2 that minimizes the function λ(q) = max pi∈S d(p i , q) over all points q ∈ R 2 . The Euclidean 1-center is also called the center of the MEC of S. The value of λ(E(S)) is the radius of the MEC of S and is denoted by r(S). These definitions can be naturally extended to higher dimensions as well.
It is believed that the question of finding the MEC of a triangle was first posed by Archimedes [6] . However, the general question of finding the MEC of a set of n points in the plane was first posed by Sylvester in 1857 [8] . Thereafter, several algorithms for computing the MEC of a set of n points in the plane have been proposed. Finally, Megiddo [7] gave a deterministic Θ(n)-time linear programming solution for the problem in R 2 . This result was extended to R d , for any fixed d, in O(d O(d) n) time by Agarwal et al. [1] and Chazelle and Matoušek [5] , and this is asymptotically optimal when d is fixed. A simpler randomized algorithm with O(n) expected time in R d , for any fixed d, was proposed by Welzl [9] .
Motivated by recent advances in mobile computing, telecommunications, navigation systems, and geographic information systems, these questions have been posed in the mobile setting, where the points in the plane, which correspond to the users, move along some trajectories (see Durocher [6] for a survey on the various applications of mobile facility location problems). The problem of studying the variations in the Euclidean 1-center under continuous motion of points was initiated by Bereg et al. [2, 3] . They showed that for any v ≥ 0 there is a set of three points s 1 , s 2 , s 3 in R d with d ≥ 2, such that a unit velocity motion of two of the points induces an instantaneous velocity greater than v of the Euclidean 1-center, i.e., the velocity of the mobile Euclidean 1-center is unbounded in R d for d ≥ 2. This motivated the problem of approximating the Euclidean 1-center by other center functions having bounded velocities [6] . Durocher also showed that under bounded continuous motion of the points in the plane, the Euclidean 1-center moves continuously in R d , for d ≥ 1.
However, the exact geometric characterization of the locus of the Euclidean 1-center, in the presence of mobile points, has never been studied before. In this paper, we provide a complete geometric characterization of the locus of the center of the MEC and study the properties of the radius of MEC for a set S of n fixed points and one mobile point moving along a straight line . Choosing a coordinate system such that the line coincides with the x-axis, we define the center function ψ : R → R 2 , where ψ(p) denotes the center of the MEC of S ∪ {p} in R 2 , for any point p = (p, 0) on . We show that the center function ψ is a continuous and piecewise differentiable linear function, and each of its differentiable piece lies either on the edges of the farthest-point Voronoi diagram of S, or on a line parallel to the line . Moreover, we prove that the combinatorial complexity of ψ, that is, number of the differentiable pieces in ψ is O(n). Using this we give a simple O(n) time algorithm for computing ψ, given the farthest-point Voronoi diagram of S.
Associated with the center function, one can define a radius function ϑ : R → R, where ϑ(p) is the radius of the MEC of S ∪ {p}, for p = (p, 0) ∈ . We show that if the line does not intersect the MEC of S, then there exits a point p ⊥ ∈ such that ϑ is strictly decreasing when p ≤ p ⊥ , and strictly increasing when p ≥ p ⊥ . We prove a similar result when intersects the MEC of S.
